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Maternal cocaine abuse during pregnancy has been correlated with a greater incidence of
maternal neglect and problems with maternal-infant bonding.1 Children of mothers who
have abused cocaine during pregnancy have exhibited signs of increased irritability and
altered state liability as newborns2,3 and are aggressive, show poor social attachment, and
display abnormal play behavior in unstructured environments as young children.4 These data
suggest cocaine-induced, abnormal development of socioemotional behavior, but it is
difficult to determine if these deficits are a direct result of cocaine or are related to living in
an unstable or abusive environment.
Animal research on the effects of prenatal cocaine exposure suggest that offspring exposed
prenatally to cocaine exhibit signs of behavioral abnormalities including increased
“emotionality” and neophobia5,6 and aggression towards an intruder or other untreated
conspecifics.7–9 Long-term changes in specific neurotransmitter systems may be related to
behavioral alterations.
On the basis of previous findings,7–9 we focused our research on cocaine-induced alterations
of both maternal and offspring social/aggressive behavior. The following data include a
summary of results from several recent experiments.
aThese studies were supported in part by the National Institute on Drug Abuse Grant R29-DA08456-01 (to J.M.J.) and the UNC
Neurosciences Center.
hPhone, 919/966-5961; fax, 919/966-5961; jjohns@css.ujc.edu.
NIH Public Access
Author Manuscript
Ann N Y Acad Sci. Author manuscript; available in PMC 2011 June 4.
Published in final edited form as:















Dams received 15 mg/kg of cocaine-HCL (Sigma Chemical Co., St. Louis, Missouri) in a
saline solution (CC) or an equal volume of (0.9%) normal saline (Sal) twice daily at
approximately 9:00 AM and 4:00 PM from gestational days 1–20. An intermittent cocaine
group received the same dose of cocaine on 2 consecutive days every 4 days throughout
gestation (days 2–3, 8–9,14–15, and 19–20), and the amfonelic acid-treated (AFA, a
selective dopamine uptake inhibitor) dams received 1.5 mg/kg of AFA dissolved in a pH 10
solution (Sterling Winthrop Labs, Rensselaer, New York) once daily (9:00 AM) on
gestational days 1–20.
Procedure
Treatment dams were either yoke fed or fed ad libitum, were weighed daily, and had their
daily food consumption measured. Dams were tested on postpartum days 6, 8, and 10 for
aggression towards an intruder during a 10-minute period. On postpartum days 8 or 11,
dams were killed and the ventral tegmental area, hippocampus, and amygdala were removed
for oxytocin radioimmunoassay. Details of aggression testing procedures were published
elsewhere.10 Pups were placed with surrogates immediately after birth, weaned at 21 days of
age, and separated into same sex groups of three for behavioral testing on postnatal days 30,
60, 90, and 180. Pups from three of the test periods (30, 60, and 180 days) were used for
HPLC analyses of monoamines, and several pups were killed on postnatal days 1, 4, and 10
for assessment of 5-HT1A receptor development using immunobinding assays (using a
specific 5-HT1A antipeptide antibody, which was a gift of John Raymond) and quantitative,
competitive RT-PCR using internal standards. Frequency, duration, and latency of behaviors
were recorded using a computer program (Behavior L.W.M.). Behaviors were usually
videotaped and analyzed by two independent observers. Statistical analyses included factor
analyses, Fisher’s exact test, and analyses of variance.
RESULTS
Data on maternal indices, neonatal development, and other behavioral testing were
previously reported.11
Maternal Aggression
Data for maternal aggression and oxytocin levels are summarized in Figure 1. Aggression
towards an intruder was significantly increased in CC-treated dams on postpartum days 6, 8,
and 10. Oxytocin was also reduced in the amygdala of the CC-treated dams relative to Sal-
and AFA-treated dams, indicating more than a dopaminergic action of cocaine on
aggression. (Intermittent cocaine-treated dams were not tested for maternal behavior.)
Although dopamine-related behaviors (locomotor, rearing) were increased in the AFA-
treated dams (relative to Sal- and CC-treated dams), they were not as aggressive as CC- or
even Sal-treated dams, and they also had the highest levels of oxytocin in the amygdala of
all groups.
Offspring Behavior
Abnormalities were age, sex, and task specific, as shown in Table 1. Cocaine-exposed pups
show evidence of altered activity, social behavior, and aggression towards conspecifics
which appears to occur in a developmental pattern with CC treatment having a stronger
behavioral effect than intermittent cocaine. Serotonin and 5-HIAA levels were lower at
postnatal day 60 in the striatum and hippocampus and in the striatum and amygdala at
postnatal day 180.12 Expression of 5-HT1A receptors was increased in the brain overall at
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postnatal day 1, began to return to normal at postnatal day 4, and was significantly decreased
in the brain overall at postnatal day 10 in male CC-exposed pups. Offspring prenatally
exposed to the dopamine uptake inhibitor AFA were the most aggressive of all offspring
followed by CC, intermittent cocaine, and Sal-treated rats, respectively. These data indicate
a predominant dopaminergic effect on aggression in offspring. Aggression was decreased in
all offspring groups by pretreatment with the anxiolytic gepirone, a 5-HT1A partial agonist,
although the AFA-treated pups were least affected by gepirone, and aggression was still
evident in the CC-treated pups, even after gepirone treatment. These data suggest that both
dopaminergic and serotonergic systems as well as stress-related effects are probably
involved in cocaine-induced aggression in prenatally exposed offspring.
Our results suggest that both maternal and offspring social/aggressive behavior are altered
by CC treatment and that dopaminergic, serotonergic, and oxytocinergic (dams) systems
probably mediate these effects. On the basis of these findings we hypothesized that changes
in brain hormonal or neurochemical activity, as a result of chronic cocaine treatment (30 mg/
kg) or prenatal exposure to chronic gestational cocaine treatment, alters the sensory or
perceptual systems of both mothers and offspring so that, unlike untreated animals, they
view stimuli as more threatening than they really are and react to a perceived threat in an
abnormally aggressive manner.
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Maternal aggression fight attacks relative to saline controls.
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